We experimentally demonstrate self-accelerating Bessel-like optical beams propagating along arbitrary trajectories in free space. With computer generated holography, such beams are designed to follow different controllable trajectories while their main lobe transverse profiles remain nearly invariant and symmetric. Examples include parabolic, snake-like, hyperbolic, hyperbolic secant, and even three-dimensional spiraling trajectories. The self-healing property of such beams is also demonstrated. This new class of optical beams can be considered as a hybrid between accelerating and non-accelerating nondiffracting beams that may find a variety of applications.
Over the past half dozen years, self-accelerating Airy beams have stimulated substantial research interest [1] [2] [3] [4] . Typically, such beams possess highly asymmetric transverse profiles, as originated from their ray structures that are associated with the curved caustics. Bessel beams, on the other hand, exhibit radially symmetric non-diffracting transverse profiles due to conical superposition of plane waves [5] , and it was shown that their counterparts in time domain can also selfaccelerate along the longitudinal direction [6, 7] . It has also been shown that Bessel beams can propagate along specific curved paths including spiraling trajectories [8] [9] [10] . Quite recently, we proposed that Bessel-like beams can be engineered to propagate along arbitrary trajectories in free space [11] .
In this Letter, we report on the experimental demonstration of families of nondiffracting self-accelerating Bessel-like optical beams [11] that can follow parabolic, snake-like, hyperbolic, hyperbolic secant, and even 3D spiraling trajectories. The main lobe of such beams remains invariant during propagation, and can even recover itself after being perturbed. The symmetric transverse beam profiles together with features of nondiffracting, self-healing, and trajectory tunability may be particularly attractive for various applications such as in optical trapping and manipulation [12, 13] .
Let us consider a self-accelerating Bessel-like beam propagating along a predesigned curved trajectory defined by (f(z),g(z),z) in free space. According to the theory developed in [11] , under the paraxial and slowly varying envelope approximations, the beam structure at input z=0 is governed by
where w is the characteristic beam size and Q(x,y) is determined by the following equations
where k 0 and β are the free space and transverse wavenumbers, respectively. The underlying physical picture of such self-accelerating Bessel-like beams can be described as follows: An initial Gaussian beam is modulated by a specifically designed phase Q so that its constituent rays form a focal line along the desired trajectory (f(z),g(z),z) in free space. These beams possess transverse field profiles close to the Bessel function J 0 (βr), and they "focus" at controllable distances while keeping remarkably invariant main lobes [11] .
To experimentally demonstrate the self-accelerating Bessel-like beams, we utilize computer generated holography via a spatial light modulator (SLM). Figure 1 depicts the schematic of our experimental setup, similar to those previously used for generating the auto-focusing [13] , bottle-like [14] and propeller-like beams [15] . A Gaussian beam emitted from an argon ion laser (=488nm) passes through the spatial light modulator (SLM) programmed by a computer generated hologram obtained by calculating the interference between the initial optical field u(x,y) and a tilted plane wave. Upon reflection from the hologram, the encoded beam information is reconstructed via a typical 4f system with spatial filtering. A CCD camera is used to record the transverse intensity patterns of the Bessel-like beam at different longitudinal positions. To map out the selfbending trajectory of the beam, a reference Gaussian beam reconstructed from a straight line hologram in the SLM is used for calibrating the transverse beam position, instead of manually repositioning the CCD [16] . Fig. 2 , it can be seen that the beam accelerates along the designed parabolic path up to z=140cm and then it gradually loses the acceleration and the nondiffraction property due to the finite beam size and the paraxial limitation. Importantly, the main lobe of the beam remains symmetric with unchanged beam width during propagation, although the side lobes evolve from asymmetric profiles to symmetric Bessel profiles at about z=70cm, and then back to asymmetric profiles but with beam power shifted to the opposite side. Note that when the beam reaches its peak intensity in the center, its profile well matches the Bessel function J 0 (βr). Measured beam sizes indicate that the main lobe does not diffract during entire propagation when compared to a Gaussian beam with the same size (not shown here). These experimental observations agree well with our theoretical prediction. We mention that, with the similar approaches developed in [16] , the beam trajectory and the peak intensity position can be reconfigured and dynamically controlled with ease.
Next, following the similar aforementioned procedure, we demonstrate such Bessel-like with different designed trajectories. Our experimental results are juxtaposed in Fig. 3 . Apparently, in all three cases, the observed trajectories agree well with the predesigned ones. Such curved trajectories clearly possess the ability to get over obstacles. Although the generated beams overall follow the predesigned trajectories, it can be seen from Figs. 3(d) -3(f) that the accelerating beam tends to break up into pieces and lose their Bessel-like transverse structure, possibly due to the use of limited aperture size and symmetry breaking such as due to filtering process in the current experiment. Furthermore, we demonstrate that self-accelerating Bessel-like beams can follow three-dimensional trajectories. Fig. 4 . Again, the measured trajectory matches well with the predesigned one. Recorded transverse beam patterns indicate clearly that the beam bends in both x and y directions, while its main lobe remains nearly symmetric and diffraction-free.
Finally, we show the self-healing property of such selfaccelerating Bessel-like beams. As an example, numerical and experimental results of a hyperbolic accelerating beam are shown in Fig. 5 when the beam is partially blocked by an opaque wire with a diameter of 0.2mm at z=70cm. Apparently, right after the wire, the main lobe and part of the rings of the beam are blocked as shown in Fig. 5(c) . Figures  5(b) -5(f) clearly indicate that the beam can restore its beam structure during subsequent propagation, as expected from the theory [11] . In addition, we have also observed the selfhealing ability of the beams shown in Fig. 3 and Fig. 4 , (results not shown here).
In summary, we have experimentally demonstrated selfaccelerating Bessel-like beams propagating along arbitrary trajectories and their self-healing properties. Such beams gifted with nondiffracting symmetric main lobes may find a variety of applications, including for example particle manipulation [12, 13] . Moreover, our method might be readily extended to beyond the paraxial limit [17] [18] [19] [20] . 
